In the recent years, lattice modelling proved to be a topic of renewed interest. Indeed, fields as distant as chemical modelling and biological tissue modelling use network models that appeal to similar equilibrium laws. In both cases, obtaining an equivalent continuous model allows to simplify numerical procedures. We define the basic properties of lattices: elasticity, frame-indifference, hyperelasticity. We determine rigorously the form that constitutive laws undertake under frame-indifference and hyperelasticity assumptions. Finally, we describe an homogenization technique designed for discrete structures that provides a limit continuum mechanics model and, in the special case of hexagonal lattices, we investigate the symmetry properties of the limit constitutive law.
Introduction
We gather in this manuscript some of the concepts in lattice modelling we described during our talk at the ApplMath07 Conference, Brijuni Island, July 2007. In Sect. 2, we spend some time on the axiomatics of lattice modelling. In particular, we prove that the classical form of a moment law that gives the moment as a vector colinear to the wedge product of the unit bars with a factor that only depends on the inner product of the unit bars can be derived from frame-indifference and hyperelasticity hypotheses. In Sect. 3, we summarize the discrete homogenization procedure: A complete version of the results given in this section can be found in [2, 3] and [5] . In Sects. 4 and 5, we investigate the symmetry properties of the limit constitutive law both in the nonlinear and in the linear regimes.
Lattice modelling
We consider lattices that may be one-dimensional, two-dimensional or threedimensional and that can deform into R 3 . In the context of large deformation mechanics, we consider that they consist of bars labelled by b ∈ B that are supposed to remain straight and of nodes labelled by n ∈ N . Nodes and bars are the lattice material elements. In the context of atomic networks, nodes are replaced by atoms and bars are replaced by bonds. Both sets B and N are finite sets. Bars and nodes of a one-dimensional lattice are conveniently numbered by subsets of N or Z. In the simplest example of a two-dimensional lattice which is obtained by the repetition of a reference pattern consisting of one node and of two bars, one can choose to number the nodes and the bars by subsets of Z 2 . More refined numbering systems are necessary to take into account the structure repetivity, in particular for two-dimensional (resp. three-dimensional) lattices when the reference pattern contains more than one node, or contains one node and more than two (resp. three) bars. Such a numbering will be seen in Sect. 3.
Lattice balance equations
It follows from the assumption that bars remain straight that once the actual position ϕ : N → R 3 of nodes is known, the placement of the overall structure is known as well. The actual (or deformed) position results from external loads f ϕ : N → R 3 that are applied on the nodes. The exponent ϕ recalls that loads are applied in the actual configuration and that they may be live loads. Let us derive the equilibrium equations of the structure from basic concepts in mechanics. Each bar goes from an origin node O(b) ∈ N to an end node E(b) ∈ N . Following usual axioms in basic mechanics, we postulate that, when in the deformed position given by ϕ, each bar b is submitted to a force F ϕ (b) ∈ R 3 exerted by its end node and to a force G ϕ (b) ∈ R 3 exerted by its origin node. Conversely, by the action-reaction principle, a node n that is the origin node of some bar b is submitted to the force −G ϕ (b) and, if it is the end node of some bar b, it is submitted to −F ϕ (b) . Therefore, the equilibrium of node n reads
